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O A7l s

O 2} of ¥ : 27} mlo| =z & n}o]e o]U A E] B (Korea Microbiome Initiative)
O FAkgdn] 0 1& 1,505.699 % (BHF 1x 492.49994, ®I7F 1,013.209 %)
O Ak 717F © 20234 ~ 20329 (109)

1= R |
O (d7) g4lH vwlo]aznfol AF7IRE £4
O (1hsd) A=A 7le7iE A9l 2RE 53 Ak 54 2 vl AddsE FE
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- o 71E - A Ml 227, mlelamulels AR 22,0607 2 AR BEE 45%

- 71%olA 1537, °olokF A 2Ast® 457, ZlElSAA 6671, 1004 W&
2070 Alstel =, =71 10 wlE
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2. ol zzutol o He B EF
(1 (F9]) wlo]aEnto]a IE% A FAAY FAHAR U7
54, 5% v, dy] 5ol FEse n4E TAY H94
HAAE 9w
% wlol Z Zulo]¥(microbiome) = 7| A ET% (microbiota) + % A (genome)

Az (A, &A= )

- J1E wlolzzulelge] Aoold e B AAatE AR
AgARE sl Aow molxut, HT AToldE therat el
Edste nAE FAE nho]2zulo]&o Wl £

<X 1-3> ujo|z ZHlo|E2] A9

& A 9
X = . - ) ]

A e spolzzubo) & )4 E(Microbe) 3t A (Biome) | 34
2x . A2 | cvAETH F2 uAEEFS Foiil #ANA AESL e EE
A &3 3} o) Eo] At AA S 2 Aet= go

H
, ﬁf L | e 2o A A) 5} T e H A 2]
(<] A -
= ulo] 7 ZH}o| @ E}(Microbiota) 2} Al (Genome) 2] §HAd o]
Dictionary.c | * The totality of microorganisms and their collective gentic material
om present in or on the human body or in another environment
s mfol g 2 ulo]l g2 <Al Exfst -2 F& @ T4k A gl

_ Awk, 2Fok Aot Aol folog AL ZhibE|o] & AAlA - F

Sc1}er—n‘<::’e,’ﬁﬂi A -Hdd = BE o ESo “£3
mT - Aot ARl Agu|oliee] HYw A wgel W Fe o]
242 20019 Apeld Al 72 =< 3

o « 54 A EAstes 2E vldE FAA (Genome) o] Hior 54

M1cr;£10me 3173 o] =) 5t = o] A& A S oln]sl=
e U}Oliiﬂ} ],I_EP(eroblota)ﬁ} & A EE A AHE ov|sh=

v

cmfolZzutol & WAETAN AU TAm AL, 5E A, = u
Wy ol FEste mAE FAT S AAS o)




we} cheral

O (357) vlo]aznle]$e) e AFRIA
st gloey F AdoA e wmlolmZZnfo] S22 wiAd ule}
H =
TTT

o FAO % WHOd A= =ZEulo|2E A Zg|vlo]SE A Alujo|2E A &
u] 2 =2 AE] E= v EQ FAbE9] gElo wel &

<¥ 1-4> wjo]aZHlo] & F9 JV|&¥H 7
35 % 9]
cAGHS A w A oES Fr AolglE
Zanlo)odx | PAES EAsIH, 92 Bl FUYS FE=
(Probiotics) - AAHS AFUS o AW AFe] FYI IS 5=
Abolo) = w2 B (FAO/WHO, 2001)
« A Fo]d welglole] RS Fe WdastAd AHEORA
ZZulo] ¥l 20 ofokdo] Fo FHu FFAMNA TS
zejulol emla | .
(Prebiotics) T e
—uAETAe] 2A-3 F#Este]  QlAle] A oA
Fojshes MAE AF AR (FAO/WHO, 2007)
e ZZnjo]QEI A9  Zg|ujo]QElre]  FEEEZA, u|HE
ofekgl(Zgnlo] el A)el Fglow 3y T AFE 9
A7y X vy E(ZZufo] 28] A) 9] AXYALS Meldgoz
o I
(Synbiotics) K
—QlA AL ANAdsr] Y3 A w|AELF FEETFE
HEElE Zedlo]eElrel T Znlo| ¥ Ao AHAZL
Z8H(WHO, 2017)
Freutelom | AW FAde] RbEeul= A ol FAEEA
2 Abolgl= wbe|glolell o8] Eu|E[ AL ubE o} g F
(Postbiotics) | mlzsj= a4 AR (YAHE £ griEE)
# A A BAZ]F(WHO), =AA 577 (FAO), 2001
o sHAEFIIE7|EH I ‘mlo|mZule]F AFNY FE LW FAF Hof
AL A(2017)' AN A= vlol| 2 Zupo] Fo 275 thg3 Zo] F&



¥ 1-5> 5YAZ7|<s7|3H 1Y vlo|a 2njo]Lo] B

k|
nfo)Z Zulolg | ¢ UA W/F2 oA AAFA ikt AEIEHA A 9E

(human FE5ste] <7tz FABAE FA e v BT ATA

microbiome)

+ FZ SRR el A el nAE, et el
nlo] 3 2 ulo] & Il A /A E o|F= nA ST R A
(gut microbiome) nlo] 7 Znlo] o u

PAR: AEH BAHEY, TV, = 71§ §), 28 AEH
nfo] 2 2 vjo]& A#E e B AE CTHOEE, &, AAE

(phytobiome) =)o x3}
A 2E A HE AAU) S T e dEE BEE
(resistome) FRAAE Agt

* wlo] Z Zujo]g dF|H
FHAF7E718H 714 (2017.12)

o Frost&Sullivan®] Global Microbiome Industry(2019)& wlo]=z Zn}o|2
g8 2iHE Ao AlE JledRe], FrIRsER B

<% 1-6> wlo]aZulo|F AW 57

-4
He
=
l

cOTC Z2uloloEre 2digel AF A%l F83 JTL
dzAe] | oA, FF £ vl 23] Age @ Aze
holamubol§ ik Agdel 54T F AT
< AF AbelME 2HlARE  Zenjo]oElrel ZRuloloE s
e o] AbgEo] ghAlt H Tl mlolaZuleld s|ube AFE
K Zgsled Watxior £ zwAe] Al sledshs Aol Wi
B4 1E
catol A Eulo]lF T)wo] wstubAl 2wk gt AlA A Eke] A
el W EAFAAE mlolZEulolg Z|HE AlFevt 2AE
7} A3t e Algr3abEe] A
s AHIAE BASE wlo|aEulelE Ylese AET AAF el
=44
Zr|=gy) | o, 7] " ooflojH A2 A EA dFEE dokR Au 79
€ Ag NAdsl7] 918 HVAC AlAgle] Z2ulo] ¥ x 7|&E AHS

* (Global Microbiome Industry(2019), Frost&Sullivan

i of

Atedoll e mrolazubolEo wiAlel wiel ohg3t o] QIAl, E=, A=,

%, Sk vholazutel g0 TRste] Aa} A7

- wlola 2 ubolxol AL WH7F Hsleta, e A& WUt €

o] Eol] ulo] 7 Zulo]So] Ex|st vl o] el FE 5o
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UDEEINES

C oA /sl o) of2l A4 A4 thekak AEjakA 2918 85 ko]
3t FAUAE HAGE WY ETE LA

nho] 2 2 uho] &

X
dlolzanpe]e | ©EE /el SEI HEAeE e RE AT T4

Ng cAE /e Reld AER AsAgs oke 2ZE AR
stelazuteld | FAMAE, FE IAAE ) FHE v

27 s Rk Hl7], B J1F 5 AHA BE- B ¥ Fe
nto] 7 Zulo] & n|AE RS ol
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3. &7 E4

1) g A+ &

0 (2R EA) vlo|zZule]lg 8 IXA Ao oz AEE
AE A AA HEA AL

o 71& ddAAe MY ¢ Bxe EAALS I XEYW AE(IAA
A W) Aod (pseudo—membranous colitis) X &)

- Clostridioides difticile® AW 7F3(CDI)el <3 A=A st

= = % o =
Butele fusta, g4 B Al 1T LA BAe APe
1%

) Hlo] 9 7] 9d el Al 2~ H 2F57 5 2~ (Seres Therapeutics) =
SER—-1092}= CDI= <lgh WAl A=A sdsd A whxle] a3A<l
nlo] 2 Zulo| 2 £A 7|¥t first—in—class AW " E FF A FA (fecal
microbiota transplantation, FMT)E 7lwtsle] 2021Wdel] wmlo|Z Znvlo]E
AZAZ= AA FAEE A 34 AFstaion, @A) vl5 FDAEZYH

AFZA L FF S ] T
- SER-109%= 7|= @%wﬂ Ak 2 Bae FAHS 3]y stHA CDI
A5EE % v =& P%“L gA AEZAZ 7HE o 9lof, FHE



o WAREAAAZ dedz HIFLA o HHS-3x] = A e WAS
Bolz Zxtel Wi mlo|mZulo]lg X B AFTA I 24

- VAWM oA WA kA T A mlelamulolE =
&g Holx AU WAds Hol= Ate] ZHo|A(FMT)sle] & 167 2

A 5 8ol 1 wWegdetAl e &k mFeol A He g 24

, 1 ZA3ZE ScienceAlo] 20219 H

k1
ol
8
dlo

A Fo FATE Ao st LTAAAZI B apdsle,

=
T v
Su AT wpevt AP E s Ao R ASA AL EAEHA W@

- FE Edo|A wlolaEulelFol olF W AYs =FAY AET
7tMeAdS #Felgk AIrE 20199 Nature Aol Hug2), 2 A3 ZAE
nleto g2 ZA Y S vlo]|ma Zulo| o7 A Fsl7] 913 A =7} ulSol A
Zl Y =] a1

om  thEAQ 3Atz uw|Fe ulo]le WA 1418l Bloom
o). ©

Science”’} 2lS

o gzl AW % AAFE 5 ARALG  EAGHA gk
AAADRCNS Aol B3 A2e Aeirhele A4

A wholzzulol s ARAZ A HF AF Aol B A} glonz
2 Az AFelels AZlamA, F1Ee ARAT g
olmy AuE vEY HY HAR AAS, EAAE = A
Fol  EAaA  wE o FRAAA A%d o
ZujoleL 7E FEA} x

Arfee BoE 7heAel &

of¥
LNt

S e

d
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= =
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24
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Ap#| ofol| Al mpo]Z EMLO|F A FE AEFA
% o}lA A= case report FEo|xEE 8242
%l Sl #Ae] CDIE A &ak7] sl Al =gk Al
d=slolw Awjz} AF" Ak 7F 20204

e 2w

1) Science 371:595—602, 2021
2) Nature 572:474-480, 2019
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% Rapid improvement in Alzheimer's disease symptoms following fecal microbiota

transplantation: a case report. 2020. Journal of International Medical Research. 48(6)

1-6

- dubg o2 odex gle= Avil(dementia)e] &F 70%E AA|F= E=
Amls MEFFAA ofdEol=  FAH(Amyloid B, AB)I ERP
(Neurofibrillary tangle, NFT)2] Hz|A EAS Holw tfixAql
AR Akl 714y FFAE Hols Thed, I we ZF A
WS (Tes, 985, 44 5)= tE F S

T= o,

)

ofr

Jo

T off ofo

—_

ox
2 rlo 2

)

- 654 ol =¥l 10 T 14, 854 oo A 3~4% T 19|

Aujel FHES HY HAEZ HIEE Aol Ao i

- |, Awje AEE A aHA] ASAE o, ARE BHALE F&=
passive immunotherapy”’} 7} &3] X B A Jite] A ET Qe
ok

- 20213 2, Aduhelm(Aducadumab, Biogen)eoll 4] JAH4xtg =7 o2 FDA
Sede FHEE vl @A Alg Folu, Ukl ofFkH HEo| " Fel
gk oto] ofAsle], T FHAFHELEH L AR HFEAS

- GV971(AH & oligomannate, GreenValley, =)< t}eksdt mode of
actions Ay L=slo|MH X EA 7hEd wlo]aZulo]FE& EPJo=E

3= first—in—class A1¢Fo 2 x| 20199 oA AA 34 T3 =

A ARSHFE W uh 9led

A FDA <9l
o

o
=

AT A Q2 A
o

of ok

- FDA #F <<l

=
e R e e =

_,d

i)

)
d
=)

3) Cell Res 29:787-803, 2019
4) Alzheimers Res Ther 17;13:62, 2021
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eufo]z ZHlo] LS JHFIOZ St ForAE: wWodgdeadnE  E=x A9 AU
ot g el Hag gsiel e HAEAQ ATy g wle|zZulolF AAE
AR AREstE = cheFd AlE7F oW ke A Fo(E, 20199 TE
A 5)

A kE tiAske]l JHE ®E vhedl, SAE, do, st 5 othekek hEel

<ulo]Z ZnrjolF Mt FUAAEE AT dFAIE x| (20199 71E)>

NCT Malignanc C - Outcome Locat
number v n Objective Intervention measure(s) ion
Modulation of the gut microbiome in cancer and cancer therapy
To study concurrent ORR, change in T
use of FMT and rFel\s/n;)n(ddeorn?(r) cell composition
NCT03341 Melanoma | 20 pembrolizumab in %D—l and function; USA
143 patients with therapy) with change in innate
PD—1-resistant embfdylizumab and adaptive
melanoma b immune subsets
Incidence of
To study use of FMT FMT —related
FMT in patients (colonoscopy adverse events,
NCT03353 with stage IV and capsules) engraftment,
402 Melanoma | 40 metastatic (donor changes in Israel
—= melanoma for whom responder to composition of
immunotherapy immunotherap immune cell
failed y) population and
activity
To assess the -
efficacy of Dljerflglile Mean number of
NCT03358 | Breast | 4 presurgical ULTRA | cytotoxic CD8+ T | USA
511 cancer antibiotics to Probiotic cells
influence antitumor Formula
immune function
To investigate the To perform
Colorectal effect of probiotics morphological and
NCT00936 ncerl3 | 35/ on gut microflora Probiotics microbiological Ital
572 ca C; and the immune and | (Lal, BB536) | evaluation of the aly
= inflammatory colonic microflora,
response GI function
To determine if oral Natfl)ll;%lln(l)‘fécalth Change in breast
NCT03290 Breast 40 antibiotics can Product — microbiota, Canad
651 cancer change the breast RepHresh inflammatory a
flora Pro—B markers
Colon To reactivate the Pcrgfilco; Changes in
NCT03072 tumor —suppressor L . microbiota Swed
641 canc7er10 20 genes using (f}zﬁ?gf;‘gtefu composition and en
- probiotics acidop]n'/'us)' DNA methylation
im Efc)t agfs esrsobti};)etics muzgs;?egiygfine
NCT01609 | Colorectal 33 b on Dat[i)ents Saccharomyce and SCFA, Brazil
660 cancer . s boulardii postoperative
undergoing colorectal complication and
resections hospital LOS
Modulation of the gut microbiome to prevent cancer treatment—related toxicities
Effect on
To prevent L. rhamnosus .
NCT00197 | Colorectal o . treatment related | Finlan
873 cancer 84 chemeodthgiriz\{le;nduc SUDDleOrﬁentatl toxicity other than d
== diarrhea
NCT02928 Acute 20 To use FMT to Auto—FMT Dysbiosis Franc

_‘]2_



prevent
complications

correction,
eradication of

myeloid - - . .
: associated with multidrug resistant
523 leukf(r)mal dysbiosis in patients bacteria, definition €
— undergoing intensive of dysbiosis
treatment biosignature
. To assess the utility
Malignanc :
NCT02269 165, preve(r)lfti(ljrllvl on ISDI in
150 requiring | 59 - Auto—FMT CDI USA
150 allo—HSC patients who
T underwent
allo—HSCT
Prevention of
To prevent . grade 3-4 diarrhea
NCTO01410 Cczlﬁ)cr:rcltzl 46 irinotecan—induced forfrgl?glo&flon by probiotics in Slova
955 1 diarrhea by Dobhilus patients treated by kia
= probiotics P irinotecan based
chemotherapy
Synbiotic
Forte: lactic
acid bacteria
including
c To develop Pediococcus To assess
olorectal synbiotics to pentosaceus, gastrointestinal —fu
NC’IE;(())17479 cancerl4 100 improve quality of Leuconostoc nction—related Grgec
= 2 life following mesenteroides quality of life
colectomy , L. paracasei, postoperatively
and L.
plantarum, and
fermentable
fibers.
Probiotics —
To assess the role Lactibiane
of probiotics in
: - Tolerance Area under the
preventing septic P .
Hepatocel and liver functional (Bzﬁdoba_ctenu plasma_
NCT02021 S m lactis, L. concentration Franc
lular 64| complications related . . -
253 : . acidophilus, L. | versus time curve e
carcinoma to bacterial Yy -
translocation plantarum, L. of endotoxin
following surgical B;gzd]n;)anus,_ circulating levels
. 1fidobacteriu
resection of HCC m lactis)
Micronutrient
To prevent diarrhea —fortified Change in levels
NCT02944 | Renal cell 20 in patients treated probiotic of Bifidobacterium USA
617 cancer with sunitinib by yogurt spp. assessed in
probiotics (experimental stool samples
To prevent .
NCTO01790 neoGIIasm 23 chemoradiation L. rhamnosus dEiglrc}?ecg'si%fsecg,e USA
035 5014 induced toxicity by score
= probiotics
Tof?‘ssess tfhe
efficacy o .
PO Capsules Change in
NCT02351 Gynecolo 20 DrObIO?CS 1(1}11 probiotic incidence of Swed
089 R1C 0 preventing & powder and loose/watery en
cancer toxicity associated tarch stools
with irradiation of corn sta
gynecologic cancer
Oral mucositis
Head—an To assess the role Lactobacillus severity, oral
NCT03552 d—neck 50 of probiotics in Reuteri Oral bacterial genetic Singa
458 cancer preventing oral Solution and pore
mucositis (BioGaia) transcriptional
analysis
To access the role
NCT01579 Rectal 16 of VSL#3 in VSL#3 Reduction of acute Ital
591 cancer 0 reducing acute bowel toxicity aly
bowel toxicity
Lung To assess the Composition of
NCT02771 neerld | 41 effects of Clostridium microbiome with Chin
470 ca Cf chemotherapy on butyricum probiotics, adverse a

microbiome and

effects of chemo,

_‘]3_




probiotics on
chemotoxicity

change in
immunity and
nutrition index

NCTO01723
592

Breast
cancer

27

To improve the
quality of the
vaginal flora by
probiotics

L.

rhamnosus,

L. jensenii, L.
crispatus, L.

gasseri

Isolation of
specific
Lactobacilli from
vagina

Austr
ia
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[Phytobiome: A& % E<oF v|AE A|A|l. www.ip—pragmatics.com]
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A As &elgy)
dAesA A A AR ol vy FEAAME F wAZ Ay
Hhe Bl A JehtE 48] HEzFe A Ay dH s Aoz
dH . A Azlo] W dlyEe}  AZe HEE B A
nlo] 7 2ulo]E  FAES vlunyS W, A A HizgE EH o
Ruminococcaceae, Turicibacteraceae, Bifidobacterium™ 722 24 37|14
njAEo| of & 7oz 3l gl510)

o (FE) vlo|aZnlo]E dAFE 83 7159 A% AE L FYA dA A

At oA A4 Al

Ad-g THHe] A7 2 doks A7) 93 ZZulo| e E A0 AFES
L A4 o] Z] gk, ZF 2 Zg|ujo] Q Bl A oAl
¥~ Endlo] Q Bl A (Posthiotics, At AAEA)E  Aolgle mlyEQ]
o|gol th3t A Al gl = HIbH g eHS Al

Tglnlo] QE] A T Enlo]QE A W I AEHlO|QE AL W] HES £ A
B FARoR F4H W HAH FEoA G5 vEES Ao]ste=
Aol EFFel o] BH & AAGE F&o gk o]t SHiE T 3l

9) Sci Rep 9:4822, 2019
10) Sci Rep 9:19208, 2019
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2 FAA HAA A A7 Ss] AEa gloew, HEAAAEL 2
Al 58 WA, ZAdrls N, AN S5 mpelaEvtelw 7w 7|uE
7hEE T Eulo| ¥ A At #hts] A3 9

A7kgk FotAle]  EWHE AL FolAdA ATFE FYse
EHo|Al % (Fecal Microbiota  Transplantation, FMT)& o] &3}
Ad9lH oz Folxle] Al mpelmzEuie]lF e WIE FWE F A,
Folx] AAE FFow ANET £ 9SS Falagl gD

[EHo]Al & 53t $olxY A} ¢33} &% H7HKim et al. 2021)]

- A -2k ﬂl71*ﬂ°91 nfo] Z 2 ufolFell A 3 £A S AolEME F3

U A7) SAFANA FUndEe Jd3E AHT =vs S8

[AA g5 ZUv|E oA HetE 33 559 AW AZE 7 22 (Whon et al.
2021)]

11) Nat Commun 12:161, 2021
12) EMBO Rep 22:e50663, 2021
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E3k A wlolz Zulolg W YA AAS B3 A A HLA FE
ATE EF A wulo|mEulo]lLe AAE 7ol AAA Az 3 o A
AA A AeS = B 2] 24l (bacteriocin) "R Y X AHA  (niche

competition) 7]AS A7 9 mlo]aEuto]F e EA glo] A WA
Wads AW st AlAs = AN HErE o AFHAAT Jess
w3t

A mpolaEmbelg THE ThEAA e A A AlfAdAT=
DA FFAA) A5 F7Fet uvlF (LR 5718 7hSelA B
B—lactam, Colistin, Quinolone) 3AA WA FFo wE A
ntol A Zuto]lF o] vl #AH S Fste] AW mlo|ZEubo|F o A W ske}

A AT A BEA 2 A WA B2 F o] gt Fitness cost

T

oY

FEUAE HHA A4S Foiel oLHE AAstE Y3z E o F5y
AUFES A B FD AR FEstel 43 AT v AA
Aof 558 Mg
(M) vlolazulol e S48 AF ¢4 2 $Y ¥4

oldel HF LHAE Hush] A 7B e WAE WIE 5
selehi WyiolglAwt NGSe| WHE el HAA 2 wlesAA
#4ol Jbsaldel wel vlolazvelss BEY AE WA 2% FA
4 A7k Parel AYs|T 9dg

2]
nhe|glole] R WGSe wtelglol Fx Awe thkd FAS

100K WA A Z2AES Fa A3 A%

Zelh WGSE ABA Aol mAE 2elEE st Aol oEa) uEe
HE BB wAES o5 4EREE WS Sl wAT A

SHAI7F Sl

& UC Davis® Bart C. Weimer <82 o|zg 3HA
nfo]l 7 2 Hlol g 7|&ES FEsle] FEHFIILA Meta—transcriptomed T
Z13 st RNA—-seq WHo] A& obd 2 FA & T2 3o AL83}7]

def e AAAE BUHTE sh7] 91 AET WA o], WA <

=
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=
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of 2B R o]F
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A9 E39
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"

KA
Ko

~

JJo

T 71737

E

o (MF) mlelaznlels 7t JE wE Mol AdE

a7

| 2] mlo]m Zulo]& do] w2 wlo| g Zufo] g0 FAo ulz} T4

o

=" (Lena Schroder et al. 2020)]

A3 2

=
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[A1F2] 7N 5tE Aol

|- NGS, Metabolomics profiling,

o

13) NPJ Sci Food 5:3, 2021
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O (&%) &7 vrolazutold Wl A=A 73 UAA A

N77)% A

|

o EA] wholzzulel g D FAA WAL A AAA wEHAF AT FF10

- 2 oA+ = International MetaSUB Consortiumel A A AlA 607)

=4,

4728 wEtAlE MERFE vwlelaRubolwd I 7|TAH 54, FAA

WA mhA Se BAste =4 vdE AEAL A AA otEtAE

A
1%

.'__I.L
S GAA WY A A
ebeow, £l mte 573
H

ol FdFe WEHe BoE.

S olelqt mgW FEW vlelazuteld AXE Fd HE vIAEI
ol =

o
AR WHe] Jhestal e, volrh B g oSt HE"

EAlo) wEl a2 FFe} oko] BH 9 A
ARl wd =S 7|FHEkel Ae|A Zold

o EA| stgA gL mlo]aZutel B ZikE A WA A AAA

2UEY @ Qs g ashshe] 4Ry F915)

- A dHeAYAe & FAAA WHAde FEA 2 AZLEE Q1A
s A AA 6070 7970 A el sk WEHAlE MES A5k
NEHEEZ FAA HA FAAEY thekAd I ko] AolE F]lsglon, o]+
APB A, A7d 2 @A alF A ARAATE sleS AEE e

-k 58 7 2 12719 =4 dgAel A @ A AE(resistome) S
w4 A, 2 ZEIAS dAbellA BEEHE=E WA siEle v st
FAA A 3 25, AHede a7]et #HES wHIWS

- o2 A7 IEY vAdE WYY dAE SHEst7l dsiAe

nfolZ Zubo] F (A A 2F)el 7IWhE &4 =
J

ol T3 A AAARL FAUA WA A

14) Cell 184(13): 3376—3393, 2021
15) Nature Communications 10(1124): https://doi.org/10.1038/s41467—019—-08853—3, 2019
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- TEREE HERE e == o= FER D N
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NTM (nontuberculous mycobacteria)S FEFEo|vt A
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- AR CRE del AREE gl
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o
=
=

o wlo|z ZHlo]E QX
- Ao A A ESHA el (phosphorus) A AE w9 83 FHo| A gt
o]

" v o] 9425 st 2 dHA AA ey

2

A
Akl Qle] AW HAH mAEEs WHISEAR T|EL wfofA
A 7oz A oW GAE AT 5 AT AP

- Anammox+ 359 AALE A A=Y ool o|AstEIAE FU|A o R
=4 F s odvA g&Ad  FAY.  Anammox  HFS7]9
nfo] 3 Zulo]FE EAsle] R o} A3t A3 anammox Aol
st Ae FHEE WEY ATE o]F2 anammox ®FS7] WA
A odFES w20, Tk, FHT mfo]lmZulo]F Ao V|EE &3
o]l EAstes A} eitds mEEE A ASI oy nv|ES
A7e s 7l AR Sz

16) Nature Med 26: 941-951, 2020

17) mBio 9(1): e02354—17, 2018

18) The ISME Journal 10: 2569-2581, 2016
19) The ISME Journal 13: 1933-1946, 2019
20) Nature Communications 7: 11172, 2016
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- SR el BFY F AA AE oldA AYE Bl A
8714 Lstmold wAE TR 2R AFLet ATAAL 3
Wal A she BamaZ goleld. vhelazubelg Aoz
wahze] 94 v Eo] Wl Aol el AFAS B 52 Aol
slolZzutel & Fu HolHE F7t B Al FY A A% oS0l
Fgo] nasgo o 7%z eluA A2

S

EREBEESSERTENISTS
seAeAd 5, T A4S A5, 49T £
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2ol 282 F dgol A= N2

<7|e} wlo]ZEnlo]F EE 7|E9 5 AHH>

PEE: S5 A

LB

(Nature Microbiology, 2020)
« 37 F Aurt YA WA U FAAS] Astel wH= o
AAlstar 7] mpe|zEnlo]E AF7E YA Ao F7]

Aste HAastetn EdHon Aosity BrAYE F

RIS FEo] 7] mpolmmulolge] mAE d@E o

&7

I EETIRES

off o

d

(Critical Reviews in Environmental Science and TEchnology,

2021)
< ¥ wEY wlelazulelgg oA TleE odd EF
ga3Ad AESA Asrt Jhsde HelF  (Appl. Environ.

Microbiol., 2016; Nature Communications, 2016)

27 2 93 A 8} _ .
cmAl 2F—vte 2o} HAAIGHR 7IE 3 uAE O TAHY
FEuere E8 #Hr|Eo] E¥Hez AAFE  (Bioresource
Technology, 2020)
o 2 A= 374 A E9 metagenome % metatranscriptome
o] g3t oAt #AHE Fal A Ao, FEdA W=
A7zt 7185 9o wARF-ATd AsEE AFME
Ry nfe] gz Zufe]F  eHlA Z|HE oA EAHE F8 0 7|9
T Symbiosis® F&H @ IHAE E3t1, multi—interaction

A
njo] = & npo] & SN T o sme I
networksE %8 && Fdul 2 7| F5E& EZAT (Biotechnol

Adv, 2016; ISME J, 2020)

it

27} 2359l A48 (Front Bioeng Biotechnol, 2021)

S mAEel vl mho] L Enfol e o3 FeE| A A AL A

o] gk 53 AU wle]zZulolge] xA=Z Wyl WS 97%
ulo] 7 2 njo] L o) #| g+ (Scientific Reports, 2021)

e I e T S = o R e

ek wlEe] Fa el 7tE Aol Zeule]l e s HIME

21) Water Research 198: 117119, 2021
22) Water Research 199: 117182, 2021
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nto] Z 2ufo|FE w|mwste] wEE WA Al 2 FA HA
Hav| &2 T4 AolE WS (mSystems, 2020)

37 Sl A " wElE|ewx] 22F°9 FAA A WE
Abstel]  HgA el wvkAbSir o] wEMAbSlE A FAAE ElT

(Nature Microbiology, 2020)

ro

mhol 22 upo] &

e Earth Microbiome Project® S8 A9 tjekst A9
nfol| 2 2Hlo] & ®BASZ vwAlE oS AHIE AF
| 5o 7tz 35 243 (Nature, 2017)

487

FdnE A £ O nAEe] 243 1 dEsi2e] We)

o

FAg AFE  7)|FWEl7L mlo]lmRulo]| o] mAE dF
7+ 73%F (Nature Climate Change, 2021)
e ol « A A FA 7| TSt A n|AEo] HibsteE JEe] F8AF ol
}_];;l]__i]ﬂ;ilu gt 574 dF+E Ak (Nature Reviews Microbiology,
2019)

SolFRsh 2R A Holsh  akdslel wAE Ao
dolow wlAE Ao WE
2018)

ZA 3t (Nature Climate Change,

[ (3leF AE))  mlolaznuteld AEE LY ABAHER
HFYL7E N

A E Fefe] HAE Ak sty FHsle] HHETEERE 3
FREAS0] vy wFHI oy FE3I oo FHnyt BIssl]
Aefo g o] sjko] o] Fo x| Al X AL Sl

715 FAATE] HEI o|FsF Wde ¢ AvlE N Fo] MR
bedor FEYI o dF FAL o] FsF Wil Ay

2, %?—U}Olﬂiﬂ}ﬂ%-ﬂ AzAg ATEFH AsAsE wlse
=4
=

vlufek Sl HFA A Fel  ‘Candidatus Entotheonella’ wF7F AAkste=
misakinolide A% AP AHZE WIdozH FF olFHF WdS F3

23) Nature communications 12: 3864, 2021
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[ (3ot Ae) 715437} s ok YA v A= dF Y

o Fefe rjExrAHe HA J)5S Tt}

= Ao® AT glov 23

Agtol ofgsl vehdAle] HalHE FEEG Fust FEg

o 5% TARA Oceans programme2 =3 A ©ejyekg A egt AAA
dlof ZFAENA Y wlo]mzEHlo]FE ®BAGG e o Hy F shv=E
dlefell= AF7FA dEE ALY 10wi7F dE+ o 20REEe AN EE
Hlolg] 27} EA)gHE &helghd)

8 Al 2dste] Atz sl

E
=
ol A Ths AR,

ol H=Hel Mz HielE{ 29

O A A FA-RE 9% wlo]Autol g BE

o FMES Fo MAAL dAFH FA H LS AEUMeT Fakg
Slo A vl $- F8EF 849 ol glete] Fulelde AFoIE Fol A
5& AYstn o

o 4% ZxHF9 Ectocarpus®| 7% wlo|zZmjfolZol| o7 AAI} F3
&7 AE Fol BaEglowze) o] Ao Azt |7 vitamin B59
ol =83 Aoz RIFHE B ddHEA FA9 #A 8409
| 272 FrAloll ole] mlo]lzZulo] g2 7|50 AAIlo] Bhe A

25T dA o F HiHuAE

O 4 2 S

o HabrhEeebA g Solel glo] o2
sate 99 29l shte)

o BUAEEL olgd AT Aol wau
FolE Fal oiFe wWAWEH niLol
9hed-g27)

o ol wlolAzulelg £AE Falel 1He
WA 5 oGes Ade Feldel Pyg
Zwel A w38 71Eo] D TbsAol BE

24) Organic & Molecular Chemistry 19: 123, 2021
25) Cell 177(5): 1109-1123, 2019

26) Front. Microbiol. 7: 197, 2016

27) Mar. Drugs 19: 707, 2021
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w3t T 2ulo| QEIAR A Bacillus subtilisE F o]
o]zl Ao AAI HASAS FAA|A

T Ao o
NsAe A

28) Journal of the World Aquaculture Society 51: 551—562, 2020
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2) Z2AE Z7 Al

(1) (m]=+) National Microbiome Initiative 20163 o]|3

O HMPE Ea 17 $¥el @ mhe]2zulolg Aol AFaH

u| =2 National Microbiome Initiative %X o]& ql

¥55A, 87 % AUNA, odA F T Fopd ATE
FYgAoz 34

o0 2016 F7b  mlolzEulolg ol MEE  wWE & ook

ploja 2ol F7tel Hele 7 AR A7 A, o AEA

stolazutol & JlEAF/Ee A, Astsd APolx xIEAo] 5
x ]

e ERE FHAES, V1%, ARdold BY datAA 22wy A

o = o
e HHOE A S

g

o NMIellM o] FA= dnp7|atat i
GAZ= o 59 27t de e FAVE A" Aow oy

o

<NMI 87|13 2zt 7|18 §£4 A&, 2016—-2017d(FAEE 7]E)>

7 wgel JRE Ed o]Folxn,
]

= 78 A A 1219 2 WAt 71 4 2

* Department of Energy: 1,000%"kh
22 (FY 2017)

* National Science Foundation:
1,6009F =22 (FY 2017)

- U.S. Department of
) 350%7F &
Agriculture: 1,59009F 22 (FY
2017)

« Bill and Melinda Gates
« NASA: 1,250%F 42 (FY .
Foundation 19 & (44d)
2016—2017)
) ) « JDRF 1,000%F &2 (54)
» National Institutes of Health: . . . .
T8 20008k Ze](FY 2016—2017) * The University of California,
) A=Y = .
= 2}7) 3 San Diego 1,2009F &

» The BioCollective 25%F &
e The University of Michigan
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= AWz A8 FA= 2016—-2017W(3AIEE 7]5) <F 1.21Y
nol 1

- % :]—‘ il
] FxEn] w7k BFEo| A= Bill and Melinda Gates Foundation2]
of @el & Eqste] of 49 st FAY Ao wuY
o NMMW FA% ZEAEZ AsRW, FHulo| T 2Hlo]E o] go & Ak,
C S, b 5Ol Fopel R ZEAESo] 49
<u]% eujn} Yo nlo|ZEulol & oL MBS Fo meAE>
T35 F8 A B FH7)H
Microbiota—Gut—Brain Center Brigham & Women’s Hospital
The Microbiome Center University of Chicago
Interdisciplinary Center for
nter ‘1sc1p‘1na Y ?n er o Jackson Laboratory (JAX)
npo] 2.2 uo] Microbiome Science
Center for Nano—Microbiome . . . .
= University of California
& 41 41 E] Convergence
e Center for Fundamental and Applied Arizona State University
Microbiomics (ASU)
T discipl; tual . Oregon State University
ransdisciplinary virtual center
ansdisepinary (0SU)
Single—cell i SCG
ingle —cell genomics ( ) Bigelow Laboratory
technology
Next generation scientific tools Kavli Foundation
“Microb to—Bi " Initiati Lawrence Berkeley National
r —to— nitiati
icrobes—to—Biomes ative Lab (LBNL)
Mayo Clinic Center for
Microbi Clinic (A&}, A5, 2§ .. ) ..
icrobiome Clinic ( ! L5) Individualized Medicine
University of California, San

} Francisco, The Broad Institute,
3 mho| L= ulol & .
the Massachusetts Institute of

1
ol 75 Technology, Harvard
THFE University, Novartis
ulo| 37 2 nlo| o o|E} Public portal One Codex
mFe ]iiﬂ}oliﬁ;% o Replete Biotics, LLC
o] ] 9] | University of California, San

Diego

ulo| 7 ZHfo] 2 o]cl University of Minnesota and
4hsd 3t the State of Minnesota

University of Oklahoma (OU),

= the National Cancer Institute
(NCI), and Leidos
Vedanta Biosciences

E}EH% A

mfol 2 Zufol & W=, GMP A4h,
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FR7|#

Microbiome Coalition (TMBC) A&
(A RF, 2§, T4, =}

7lddAEH,

LS

o, A8, "HI")

AO Biome, Abbott Nutrition,

CosmosID, Diversigen, Mayo

Clinic, Second Genome, Whole
Biome

Microbiome sample bank

Biocollective, LLC, in
collaboration with the Health
Ministries Network (HMN)

Fvbol 2. 2u}

Bill and Melinda Gates
Foundation, Mead Johnson

o of/A] e
Nutrition (MJN), MassGeneral
Hospital for Children (MGHfC)
2ol A % C3 Jian (C3J)
Evelo Biosciences, The
oF/m o . .
Valhalla Charitable Foundation
Forsyth Institute, North
VaRAR |

Carolina State University

Gastrointestinal Research
Foundation, Bay and Paul
Foundations, Helmsley

o] &
Charitable Trust
o JDRF
o] A 7 3} Kimberly—Clark Corporation
e A 2k UAS Labs LLC
v = 2o} A %} University of California
University of North Carolina
%) o) st LNG)
North Carolina State
University (NCSU)
Metabiomics, USANA Health
Aoy ZlchA = .
Sciences
pal The University of Texas,
Texas A&M University
Plant Soil Microbial
4 Community Consortium
7€} o (PSMCC)
) Gordon and Betty Moore
1] o
Foundation
The Simons Foundation Life
Ahe)
Sciences Division
gled ek, o) e ok 4y el ora The American
71 d A, Gastroenterological Association
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T2 F8 A W FH7)H
(AGA)

Sha) 8 (o) 8hA) 3 Small World Initiative, The
=5ha) University of Michigan (U of
°e M), Harvard Medical School
SHAY - University of California,

oz g A E Berkeley
WAl Al Boston University (BU),
Medical University of South
= gaq /3_/14
=g 44 Carolina(MUSC)
Howard Hughes Medical
22| g Institute (HHMI)’s Tangled
Bank Studios
ek Dannon
Colorado State University,
S 2 e Ur.nveljsnzy of Hawaii's Pacific
Setars Biosciences Research Center
(PBRC), Rutgers University
WA el University of Pittsburgh
o (PITT)
713 A1 4 .
7|3 7k — =&k At The Janssen Human
HES =T Microbiome Institute (JHMI)
A salel Azl The Marine Biological
Laboratory (MBL)
eSS AT Zel g AT Pennsylvania State University
(PSU)
Interdisciplinary The University of North
hub A2 ¥ Carolina (UNC)—Chapel Hill
A4 The American Gut Project
Al el 3}k Al 2] Indigo V Expeditions, uBiome
AL University of Oregon (U of O)

k5 THE WHITE HOUSE OFFICE OF SCIENCE AND TECHNOLOGY POLICY, 2016

o m=&  wpelZZufeld  Fope  F
sla W
chefgl ool A ] mpolZEulolE BE5 T

=

ARIFAN dTEY U AU
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(2) 79 wlolz Zulolg ZZAE(HMP) 2007~2016

olzzulol g QA AW B A 2
= Ae X2 171(HMP1)& 271(HMP2)=

27
o FW e oAfHoloA Fg=E £ = FAX Al #FA(reference
sequence), HE] 2% (multi—omic) Hlo]EAE, A W EA =L EA o

G ZREES N

o HMP7} A|Zt=]m A, <17F w ”%Xﬂ AT 457 A EEIql e, NIH
R&D FAtell 4] HMP Zz18 o]ele|A% <7k wmlo]zZulold e

o Fof ok FA7} 2y

- 200733 E 2016W@7FA 10@ E<eF HMP =Z 2o w3 F Fx
Folo 201 15009 Yo, 7S 7|7k HMP ZZ 13 o] 9o 4] NIH7}

ol 7t mIAYEA| FAATF| FAZ FHL 8.8 HEHE F 109 9,50041t

27} NIHel| A <l7F mlelz Zulo]F & AFLE 98] FA

.

#* %% NIH Human Microbiome Portfolio Analysis Team, A review of 10 years of human microbiome
research activities at the US National Institutes of Health, Fiscal Years 2007—2016, 2019

o HMPE &d&l < 650H¢ 3}
dgsigion ezt A uA

o] ng]oq ok 70,0003] o]Ate]
dlolH & 753

o]
st ook WA

+
rlr
>
+
i:‘
e
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e Structure, function and diversity of the healthy human microbiome (Nature,
2012)

e Strains, functions and dynamics in the expanded Human Microbiome Project
(Nature, 2017)

e The Integrative Human  Microbiome  Project: dynamic  analysis  of
microbiome—host omics profiles during periods of human health and disease
(Cell Host Microbe, 2014)

* The Integrative Human Microbiome Project(link is external) (Nature, 2019)

- F8 Ve HaA

* QIIME allows analysis of high—throughput community sequencing data (2010)

* Metagenomic microbial community profiling using unique clade—specific marker
genes (2012)

e Predictive functional profiling of microbial communities using 16S rRNA

marker gene sequences (2013)

- ey 5
A" A delHe AWl gl AAE Zlezx #Hd" 300 A
Az EAM dE mAETA B 557 A velH e AT deolHAE

ol A= deolHAlE = 20007 oo wEHAFI 10TB o] 42l DNA sd7]4
dlolB 7} E3EEe] glo] AZF e TR AAA A L P Z vdETA
tolH AlE

At odof Zink WA LR oA

«2. % AFEeAA o E AMEeA AW rlAEE olAlsle A YA
F22Eeyg YyAel(Clostridioides difficile) 7¥del Azl 90% o|A
a3Ael AeE WA, dMsbA FAA L] HbE Foqr FAdgt A5

«3. o A5 glo] HAAAE A stst= 7ol A AW wlo]|ma=Enlo|F 5
TAL Ao sivhs AP WHSHHA] ol ek 2 A ZHA o] Agt

o adths fabdel glovt, ARl W, dAFEA, AP Ql
3l
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- NIH® HMPE =33 <zt wmle|mnfe]g #of Fab o4k xwt
10:d7H(2007-2016) % 109 9,5008F E2lolm, o]= F AbglelA <zt
nlol Z Zulo]lg  Hole] Fxlst= 373259 o of 35w FEoR
F4 5

< v NIHS} £ Aol 48] Izt wle] g 2ule]s FA v|a>
T NIH ¢1Z} nlo] =2 Zn}o]& B a}edo 4 2] 17t mlo]Z Eulo)S
3,732.5% ¢
102} 9,500 = ’ -
e (e 1-1: 53299%d)
AR (HMP: 29 1,500%F 2#) o ' e
(Non—HMP: 891 80001 =e]) (Whed 1-2: 2,247.109¢)
Lo EE (el 1-3: 953.409 %)
FA47)
o 2007—-2016 2023-2032
o et ]
A Azt FA Nz-g&-ANE AF7) A4
+ Q17t mho] A Zulo] ¥t ofuel,
NE, FEFL B, A% 5
R E LR,
ol - ok R=R % ;1‘3
ColAlsh  mgEze gmEAE ﬁj]j°% Ford AW
olo
AT | FHEta, olel @ dolHE o _
N Dt amue g qae | 7EE ol 3
N A CET ] lzares ow
= o] A o
o Wﬂﬂiﬂﬂ%ﬂﬁﬂ AE
Aulza s A S48
NAT7kA] AF771H ATE
Agahe by
CNEATE BT EE BES Fe) | Lo rolEsvelE AT
Eals k=<l ol A
Q1A mlolaZulel§ el )
= A nlo] 2 Zulo|g dolE Fw
L 3 A% 5& 53
Plean  selazstelzd b A = e
stola Zutol & sIuke]  o)ebE,
dole] 7+&55 &8 AFAe A%t .
: g, Az 5o AiE 7w
sfo] 22 uto] & 7ol T4 g
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(3) MASTER(Microbiome Applications for Sustainable food systems through

Technologies and EnteRprise, 2019~2023)
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AlwA, EvtE, JlE5, =5, dol, kv F
AlEel Aol mpo]zEmlolgo]l R} obAsta
iAol ookt Sle AlE AXRE HE
o] &= T SleAle Wi FEHoE AT
e, AAAHA Hxres AFY dAlH<
nfo|Z Zulo]F HwrEEY £33 ALES WA
ol TFAALE AHE HEsd FH AF
Al~E o] Ak FA, b W A& THsAE
FAA 7= A
e AA| oAb 3 million FEE, AE A|AEI}
A" wmpo]aEulolFol sl oldlstd AF
EU defdt obd, WA, SAE z#Er] #E, 7F
MICROBIOMESUPPO Hal A3 4 estE v Eg oy F8 A3 A
RT A4S sl AstA ¢ Austrian institute of

technology GMBH, TEAGASC <5 x3%sl

JPI project— Y&

2674 B3t 2 dF7|he] Foista glg
AR Al @ E5  zzady
o UMEILR, R} e

de AXTA AR Aad EARAES

A5t 913 27 R&D T2 ¥3/20164

s BAom Algate] AU vho]ZZuto]gof
MAE @ alAgd 2% wds

A s AT

NCCR Microbiomes

*« NCCR  Microbiomes AFgdel A%, JAE
nto] 2 Euto|F  dlo]EHuelA F&H WU &Y
ATFE WECE wlo]|mEulo]E HHE &
gH, ¢ oyt wlo]mEuto]lF A ]
e FEE BZE s e oF 4309
TR Ade® 11709 29~ F8 sk

o1 77]%ko] Felsta oS

offt
i

Marine Microbiome

e 35  =7MAFsd(Australian  Microbiome) 22
CSIRO, IMOS(Intergrated Marine Observing
System), BIOPLATFORMS AUSTRALIA, =
o o ofsh(107  wHE " A7) 9

Initiative 50w o4 elFelo] FelFolw, 91wk el
FAE v Qlel FAE, dAY wAE TA

HoleHE 2R
e T A = 7Fsd o F A& (INRA) <
MGP v E Aol BEHRSE BE-TL
(MetaGenoPolis) Al ZTzAEZ 2013—20179d 7k

nlo] g Zufo|l  Z|HF  FFA S 9l
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1,900 #2229 oxk F4isted, <A A

nho] 22 u] ¢ uo] o 9 2
MepAees AR olge oled
ol

nlolazule] 24} 73 Ao wA= o
dg  AFE AY/Ae =
THMel e a=AHZA-N Y, 15& A=A,
71574 MEtA == A HEoly AREA)
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WAE AsAR} AAxg
S

[} 1_71_]__
F 528 VCRA EE o F2 oA sleiTte] vl
Y

T2 74

3l HA7IES NEste oo AT Ee] AU

"] =2 GenentechAt= EoF wholZ Zufo|Fell A WA == w|A& DNAoIA
2H3% A AEFS NEslr] 918 Lodo TherapeuticsAhel 109 ©a] 572
ZEAEZS AEZ Eok v EoA 7IEL] AAMTE obd HAARD A E
dIete Ae HEE @

Indigo Agriculture(w]=f) A7} 20164 Series

rr

74 A 2 FRe FA

1o 28 E FAT A, FHE Y AFLS F3leA
FTrage FAAIIE vAE FAAEHES st Aewm it
of *+7]+F(Alaska Permanent Fund)e] FE v, 2016 Indigo®l

5,6008F 25 FxL3F Flagship Ventures®] #olZ 7|25 A Ysl9S

Zhe] o} 7|HF BioConsortia: & AAHES =17 98 mlAd= JIE
omny 2016+ Khosla Ventures®t Otter CapitalZ 5 E

Series B 2t =9 1,5008 &8 & #4592

HAA7IaL )

Biome Makers(USA): 20164y AA &<l FA Viking Global Investors<2}
A%w 3Akel Nlumina®] A #H#HoHZHE 29 2H= FE#E # X 6lo]
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kel Akl S Hd T AEARSS A AR S

o NewLeaf Symbiotics (USA): #F<3t A& 4Hie|g]ole] Ardsle] FAHE
Fo9dem 20149del 1,700%F =2#el Algl= B gz do|lA S
el T e

o Pivot Bio(v]3): A% wholzznlo] &9 AEAS BAslL Fola

= [e)
==
A A7) 7] ¢l 2016l Series A ghE=olA 16007t e FAFAS

o AgBiomeUSA2 Gates Foundatione| FE3st= FAAZYEE 20154
3,4508F elE EFow, 2016WelE obzelgt mymt Au] swlEo
AFu vle]E A ¢ dE=E AlAE(Syngenta), +4FE(Monsanto),
=2 73l (Novozymes)e] #lx Aue A3|Akel Bill & Melinda Gates

Foundation®. &3¢ thdzle] AF2 A Yguke

o Hjo]allo 2009 of Bionematicides (A =341 Al) <t
Biofungicieds(R & &%zt A) 2] 5 <A AgroGreenz AR} 57
AEE dsgozn o we Hoke] Alge] FAL 19l

o Biphro Group< o}Z3lE|vr}o] 7|ut

el o= X
n| Y E A z=xbel AgraQuestES el

S T AEIA AEA) AE HJAEZ

9%

o A 2@ Egb wlo]lad(Bayer), HFAZ(BASF), Chr. 3%H4l(Hansen),
EXFE (Monsnato), =X A% (Novosymes)S 54 2L Eof njAE Holo

R&D Z 2 el 20 &8 o|ds FASAF

] (5%) wlo]azulol g Rt Al

o AtE FZHA AR 2016 1359 =Eslen, AW 1.3%(CAGR)E
Ad7ste] 20219 14590 =& 7oz AWy AdFES A AHES
82%= W& AA|stn HlHsE AlAeo] 18%E AAlsta slow
Research and Markets o] u}=zZw, %%/\PE AlZdell A F &2
ZEuto| e AE FF 109 AT 7.9%= AHAsted, 20254 oF 679
3AG defo 2 oz Ay
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» A holistic approach to marine ecosystems biology (2011) : 3763 <l&
 Structure and function of the global ocean microbiome (2015) : 14943] ol&
» Plankton networks driving carbon export in the oligotrophic ocean (2016)
4523] o1&

e Marine DNA Viral Macro— and Microdiversity from Pole to Pole (2019)
2683] <l

» Tara oceans towards global ocean ecosystems biology (2020) : 633] <¢l-&
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